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© Gas/liquid contacting apparatus. 



© Gas/liquid contacting apparatus (1) comprising a 
housing (2) provided with a gas inlet (3), a liquid 
outlet (5), a liquid inlet (7) and a gas outlet (9) 
arranged above the gas inlet (3), and a horizontal 
tray (11) arranged between the gas inlet (3) and the 
liquid inlet (7) and provided with a cyclonic separator 
(13) extending from below the horizontal tray (11) to 
above the horizontal tray (11), which cyclonic sepa- 
rator (13) comprises a vertical swirl tube (17) inter- 
nally provided with swirl imparting means (19), a 
coaxial gas outlet tube (21) arranged above the 
vertical swirl tube (17) and provided externally with 
an annular deflector (32), an outer tube (23) arranged 
around the swirl tube (17) and provided at its upper 
end with an inwardly directed annular deflector (35) 
£4 and with a gas outlet (33), and at least one conduit 
^ (31 ) extending from the exterior of the cyclonic sep- 
rsarator (13) above the tray (11) to the interior of the 

^ swirl tube (17) below the swirl imparting means (19). 
CM 



CO 
CO 




Ql 
111 




Xerox Copy Centre 



1 



EP 0 331 247 A2 



2 



GAS/LIQUID CONTACTING APPARATUS 



The present invention relates to a gas/liquid 
contacting apparatus comprising a housing pro- 
vided with a gas inlet, a liquid outlet, a liquid inlet 
and a gas outlet arranged above the gas inlet, and 
a horizontal tray arranged between the gas inlet 
and the liquid inlet and provided with a cyclonic 
separator extending from below the horizontal tray 
to above the horizontal tray, which cyclonic separa- 
tor comprises a vertical swirl tube internally pro- 
vided with swirl imparting means, a coaxial gas 
outlet tube arranged above the vertical swirl tube, 
an outer tube arranged around the swirl tube so as 
to define an annular space between the swirl tube 
and the outer tube opening below the tray, a pas- 
sage communicating between the interior of the 
swirl tube above the swirl imparting means and the 
annular space, and at least one conduit extending 
from the exterior of the cyclonic separator above 
the tray to the interior of the swirl tube below the 
swirl imparting means, wherein the outer tube is 
provided at its upper end with a closed cover. 

During norma! operation gas is supplied to the 
gas inlet and liquid is supplied to the liquid inlet. 
Gas flows upwards through the gas/liquid contact- 
ing apparatus and liquid flows downwards through 
the apparatus. Liquid is collected on the tray and 
flows through the conduit(s) to the interior of the 
swirl tube below the swirl imparting means where it 
is brought in contact with the gas. The mixture of 
gas and liquid passes upwards through the vertical 
swirl tube internally provided with swirl imparting 
means. As a result of the swirl imparted to the 
mixture by the swirl imparting means liquid is sep- 
arated from the gas/liquid mixture. The liquid is 
collected on the inner surface of the vertical swirl 
tube above the swirl imparting means and flows 
through the passage into the annular space be- 
tween the outer tube and the swirl tube. Liquid 
leaves the annular space below the tray and leaves 
the gas/liquid contacting apparatus through the liq- 
uid outlet. Gas, from which liquid has been re- 
moved, passes through the coaxial gas outlet tube 
to the gas outlet above the tray, through which gas 
leaves the gas/liquid contacting apparatus. 

Such a gas/liquid contacting apparatus can be 
operated at an entrain ment level below 5% of the 
volumetric flow rate of the liquid as supplied on the 
tray for volumetric flow rates of the liquid below 5 
m 3 /hour at relatively low volumetric flow rates of 
the gas. 

It is an object of the present invention to pro- 
vide a gas/liquid contacting apparatus which can be 
operated at a higher volumetric flow rate and at an 
entrapment below 5%. 

To this end the gas/liquid contacting apparatus 



according to the invention comprises a housing 
provided with a gas inlet, a liquid outlet, a liquid 
inlet and a gas outlet arranged above the gas inlet, 
and a horizontal tray arranged between the gas 

5 inlet and the liquid inlet and provided with a 
cyclonic separator extending from below the hori- 
zontal tray to above the horizontal tray, which 
cyclonic separator comprises a vertical swirl tube 
internally provided with swirl imparting means, a 

70 coaxial gas outlet tube arranged near the upper 
part of the vertical swirl tube, an outer tube ar- 
ranged around the swirl tube so as to define an 
annular space between the swirl tube and the outer 
tube opening below the tray, a passage commu- 

15 nicating between the interior of the swirl tube 
above the swirl imparting means and the annular 
space, and at least one conduit extending from the 
exterior of the cyclonic separator above the tray to 
the interior of the swirl tube below the swirl impart- 

20 ing means, wherein the coaxial gas outlet tube is 
externally provided with an annular deflector, and 
wherein the outer tube is provided at its upper end 
with an annular cover of which the inner edge is 
located around the gas outlet tube below the an- 

25 nular deflector and with a gas outlet debouching 
below the annular deflector. 

It was found that at high liquid volumetric flow 
rates gas is entrained with the liquid flowing 
through the passage into the annular space. This 

30 gas flows out of the annular space through the gas 
outlet. Gas flowing out of the gas outlet is deflected 
by the annular deflector attached to the gas outlet 
conduit before the gas flows upwards to the gas 
outlet of the gas/liquid contacting apparatus. Liquid 

35 entrained with the gas is separated from the gas 
when the gas is deflected by the annular deflector; 
this liquid is then returned to the tray where it joins 
with the liquid supplied to the tray through the 
liquid inlet of the gas/liquid contacting apparatus. 

40 The invention will now be described in more 

detail by way of example with reference to the 
drawings, wherein 

Figure 1 shows schematically a cross-sec- 
tion a first design of the gas/liquid contacting ap- 

45 paratus according to the invention; 

Figure 2 shows detail II of Figure 1 drawn on 
a scale larger than the scale of Figure 1; and 

Figure 3 shows schematically a cross-sec- 
tion a second design of the gas/liquid contacting 

so apparatus according to the invention. 

Reference is made to Figures 1 and 2. The 
gas/liquid contacting apparatus 1 comprises a 
housing 2 provided with a gas inlet 3 and a liquid 
outlet 5 which are arranged at the lower part of the 
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housing 2. and a liquid inlet 7 and a gas outlet 9 
which are arranged above the gas inlet 3. The 
housing 2 is further provided with a horizontal tray 
1 1 arranged between the gas inlet 3 and the liquid 
inlet 7. The horizontal tray 11 is provided with a 
cyclonic separator 13 extending from below the 
horizontal tray 1 1 to above the horizontal tray 1 1 . 

The cyclonic separator 13 comprises a vertical 
swirl tube 17 internally provided with swirl impart- 
ing means 19, a coaxial gas outlet tube 21 ar- 
ranged near the upper part of the vertical swirl tube 
17, an outer tube 23 arranged around the swirl tube 
17 so as to define an annular space 25 between 
the outer wail of the swirl tube 17 and the inner 
wall of the outer tube 23 opening below the tray 11. 
The cyclonic separator 13 further comprises a pas- 
sage 27 communicating between the interior of the 
swirl tube 17 above the swirl imparting means 19 
and the annular space 25, and conduits 31 extend- 
ing from the exterior of the cyclonic separator 13 
above the tray 11 to the interior of the swirl tube 17 
below the swirl imparting means 19. 

The coaxial gas outlet tube 21 is externally 
provided with an annular deflector 32, and the outer 
tube 23 is provided at its upper end with a gas 
outlet 33 debouching below the annular deflector 
32 and with an annular cover 35 of which the inner 
edge 36 is located around the gas outlet tube 21 
below the annular deflector 32, wherein the gas 
outlet 33 is the slit between the inner edge 36 and 
the outer wall of the gas outlet 21 . 

During normal operation gas is supplied to the 
gas inlet 3 and liquid is supplied to the liquid inlet 
7. Gas flows upwards through the gas/liquid con- 
tacting apparatus 1 and liquid flows downwards 
through the apparatus 1. Liquid is collected on the 
tray 11 and flows through the conduits 31 to the 
interior of the swirl tube 17 below the swirl impart- 
ing means 19 where it is brought in contact with 
the gas. The mixtunj of gas and liquid passes 
upwards through the vertical swirl tube 17 internally 
provided with swirl imparting means 19. As a result 
of the swirl imparted to the mixture by the swirl 
imparting means 19, liquid is separated from the 
gas/liquid mixture. The liquid is collected on the 
inner surface of the vertical swirl tube 1 7 above the 
swirl imparting means 19 and flows through the 
passage 27 into the annular space 25 between the 
outer tube 23 and the swirl tube 17. Liquid leaves 
the annular space 25 below the tray 1 1 and leaves 
the gas/liquid contacting apparatus 1 through the 
liquid outlet 5. Gas, from which liquid has been 
removed, passes through the coaxial gas outlet 
tube 21 to the gas outlet 9, through which gas 
leaves the gas/liquid contacting apparatus 1. 

Gas which is entrained with the liquid flowing 
through the passage 27 into the annular space 25 
flows out of the annular space 25 through the gas 



outlet 33. The gas flow is deflected by the annular 
deflector 32 attached to the gas outlet conduit 21 
before the gas flows upwards to the gas outlet 9 of 
the gas/liquid contacting apparatus 1. Liquid en- 

5 trained with the gas is separated from the gas 
when the flow is deflected by the annular deflector 
32 and this liquid is then returned to the tray 11 
where it is combined with the liquid supplied to the 
tray 1 1 through the liquid inlet 7 of the gas/liquid 

70 contacting apparatus 1 . 

Reference is now made to Figure 3 showing an 
alternative design of the gas/liquid contacting ap- 
paratus according to the invention. In Figure 3 
similar parts of the apparatus have been given the 

/5 same reference numerals as in Figure 1, and for 
the sake of clarity not all parts have been given a 
reference numeral. 

The tray 1 1 of the gas/liquid contacting appara- 
tus 1 is provided with a cyclonic separator 13', 

20 which cyclonic separator 13' further comprises a 
second outer tube 40 which is arranged around the 
outer tube 23 so as to define an open-ended sec- 
ond annular space 42 which opens below the tray 
11. 

25 The second outer tube 40 is provided at its 

upper end with gas outlets 44 and with an annular 
cover 46 of which the inner edge is located around 
the gas outlet tube above the annular deflector 32. 
In addition the lower end of the swirl tube 17 is 

30 provided with a sealing pan 50 of which the side 
walls extend to the lower surface of the tray 11. 
The sealing pan has an outlet (not shown) which is 
in fluid communication with the liquid outlet 5. The 
sealing pan 50 prevents during normal operation 

35 gas flowing upwards through the annular spaces 25 
and 42. Which is particularly relevant during start- 
up. 

During normal operation gas is supplied to the 
gas inlet 3 and liquid is supplied to the liquid inlet 

40 7. Gas flows upwards through the gas/liquid con- 
tacting apparatus 1 and liquid flows downwards 
through the apparatus 1. Liquid is collected on the 
tray 11 and flows through the conduit 31 to the 
interior of the swirl tube 17 below the swiri impart- 

45 ing means 19 where it is brought in contact with 
the gas. The mixture of gas and liquid passes 
upwards through the vertical swirl tube 17 internally 
provided with swirl imparting means 19. As a result 
of the swirl imparted to the mixture by the swirl 

so imparting means 19, liquid is separated from the 
gas/liquid mixture. The liquid is collected on the 
inner surface of the vertical swirl tube 17 above the 
swirl imparting means 19 and flows through the 
passage 27 into the annular space 25 between the 

55 outer tube 23 and the swirl tube 17. Liquid leaves 
the annular space 25 below the tray 1 1 and flows 
into the sealing pan 50, from where it is dis- 
charged. The liquid leaves the gas/liquid contacting 
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apparatus 1 through the liquid outlet 5. Gas, from 
which liquid has been removed, passes through the 
coaxial gas outlet tube 21 to the gas outlet 9, 
through which gas leaves the gas/liquid contacting 
apparatus 1. 

Gas which is entrained with the liquid flowing 
through the passage 27 into the annular space 25 
flows out of the annular space 25 through the gas 
outlet 33. The gas flow is deflected by the annular 
deflector 32 attached to the gas outlet conduit 21 
before the gas flows upwards to the gas outlet 9 of 
the gas/liquid contacting apparatus 1. Liquid en- 
trained with the gas is separated from the gas 
when the flow is deflected by the annular deflector 
32. This liquid flows through the annular space 42 
into the sealing pan 50. Gas entrained with the 
liquid can leave the annular space 42 through out- 
lets 44. 

The gas outlets 44 can be replaced by a gas 
outlet defined between the inner edge of the an- 
nular cover pertaining to the second outer tube and 
the coaxial gas outlet tube. 

The cyclonic separator as described with refer- 
ence to Figure 1 can as well be provided with a 
sealing pan as shown in Figure 2. 

For the sake of clarity, the cyclonic separators 
13 and 13' have not been drawn to scale. Suitably, 
the inner diameter of the gas outlet tube 21 is 
between 0.5 and 1.0 times the inner diameter of 
the swirl tube 17, and more suitably between 0.7 
and 0.9 times the inner diameter of the swirl tube 
17. 

The inner diameter of the outer tube 23 is 
between 1.1 and 2.0 times the outer diameter of 
the swirl tube 17, and suitably between 1.2 and 1.4 
times the outer diameter of the swirl tube 1 7. 

The inner diameter of the swirl tube 17 is 
between 50 and 150 mm, and the wall thickness of 
the swirl tube 17, of the gas outlet tube 21 and of 
the outer tube 23 are between 0.5 and 3 mm. 

The overall length of the cyclonic separator 13 
is between 300 and 900 mm, and suitably between 
450 and 600 mm. This large length of the cyclonic 
separator allows a large height above the tray 11 
which is required to maintain, during normal opera- 
tion, a sufficient liquid level on the tray so that 
liquid can flow through the conduits 31 at a suffi- 
ciently large flow rate into the swirl tube 17. 

Suitably the lower end of the coaxial gas outlet 
tube 21 is arranged between 20 mm below the 
upper end of the swirl tube 17 and 60 mm above 
the upper end of the swirl tube 17. 

Suitably the inner diameter of the second outer 
tube 40 is between 1 .05 and 1 .25 times the outer 
diameter of the outer tube 23. 

Shown in Figures 1 and 3 is a gas/liquid con- 
tacting apparatus comprising one tray which is 
provided with one cyclonic separator. The appara- 



tus may be provided with a plurality of trays, each 
of which trays is provided with a plurality of 
cyclonic separators. 

When a tray is provided with a plurality of 
5 cyclonic separators the cyclonic separators will be 
arranged in rows. In this case sealing pans of a row 
of cyclonic separators can be combined in the form 
of a gutter. 

The gas/liquid contacting apparatus according 
10 to the invention can suitably be used for removing 
undesired components, such as hydrogen sulphide, 
from a gas mixture by contacting the gas mixture 
with a liquid absorbent for these undesired compo- 
nents. 

15 The gas/liquid contacting apparatus can form 

the stripping section and/or the enrichment section 
of a distillation column. 

To illustrate the effect of the gas/liquid contact- 
ing apparatus, the following tests have been carried 

20 out. 

The tests were carried out with a single tray 
provided with a single cyclonic separator. In the 
tests the liquid was kerosine, and the gas nitrogen. 
In order to be able to measure entrainment of liquid 

25 with gas leaving the gas outlet, the liquid was 
separately collected. 

In the tests for a predetermined volumetric flow 
rate of the gas as supplied through the gas inlet 
the volumetric flow rate of the liquid as supplied 

30 through the liquid inlet was varied until the liquid 
entrainment rate was 5% of volumetric flow rate of 
the liquid. Hereinbelow reference is made to the 
superficial gas velocity, which is defined as the 
volumetric flow rate of the gas divided by the 

35 cross-sectional area of the swirl tube 17. 

In the first test a cyclonic separator as shown 
in Figure 1 was tested. The dimensions of the 
cyclonic separator were: inner diameter of the outer 
tube 150 mm, inner diameter of the swirl tube 110 

40 mm, inner diameter of the gas outlet 90 mm, 
overall length of the cyclonic separator 475 mm, 
and distance between the lower end of the gas 
outlet tube and the upper end of the swirl tube 30 
mm. The gas outlet tube was provided with an 

45 annular deflector arranged at 25 mm above the 
upper end of the outer tube and having a diameter 
of 130 mm. The upper end of the outer tube was 
provided with a gas outlet in the form of a slit 
having a width of 5 mm. The cyclonic separator 

so was provided with a sealing pan of the kind as 
shown in Figure 2. 

The swirl tube was provided with swirl impart- 
ing means in the form of 6 blades. 

For a superficial gas velocity of 16.8 m/s the 

55 5% entrainment level was reached at a volumetric 
flow rate of the liquid of 3.8 m 3 /hour, for a superfi- 
cial gas velocity of 13.2 m/s the 5% entrainment 
level was reached at a volumetric flow rate of the 
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liquid of 6.1 nvVhour, and for a superficial gas 
velocity of 7.0 m/s the 5% entrainment level was 
reached at a volumetric flow rate of the liquid of 8.0 
m 3 /hour. 

In the second test the cyclonic separator as 
used in the first test was provided with a second 
outer tube as shown in Figure 2. The inner diam- 
eter of the second outer tube was 170 mm. The 
upper end of the second outer tube was arranged 
25 mm above the annular deflector and was pro- 
vided with a gas outlet in the form of a slit having a 
width of 24 mm. 

The swirl tube was provided with swirl impart- 
ing means in the form of 6 blades. 

For a superficial gas velocity of 17.0 m/s the 
5% entrapment level was reached at a volumetric 
flow rate of the liquid of 4.1 nvVhour, for a superfi- 
cial gas velocity of 14.4 m/s the 5% entrainment 
level was reached at a volumetric flow rate of the 
liquid of 6.2 m 3 /hour, and for a superficial gas 
velocity of 11.4 m/s the 5% entrainment level was 
reached at a volumetric flow rate of the liquid of 8.1 
m 3 /hour. 

For comparison a cyclonic separator was test- 
ed which was not provided with an annular deflec- 
tor, nor was the upper end of the outer tube pro- 
vided with a gas outlet. The dimensions of the 
cyclonic separator were: inner diameter of the outer 
tube 130 mm, inner diameter of the swirl tube 110 
mm, inner diameter of the gas outlet 85 mm, 
overall length of the cyclonic separator 290 mm, 
and distance between the lower end of the gas 
outlet tube and the upper end of the swirl tube 40 
mm. 

The swirl tube was provided with swirl impart- 
ing means in the form of 4 blades. 

For a superficial gas velocity of 12.1 m/s the 
5% entrainment level was reached at a volumetric 
flow rate of the liquid of 2.0 m 3 /hour, for a superfi- 
cial gas velocity of 9.0 m/s the 5% entrainment 
level was reached at a volumetric flow rate of the 
liquid of 4.0 m 3 /hour, and for a superficial gas 
velocity of 7.2 m/s the 5% entrainment level was 
reached at a volumetric flow rate of the liquid of 5.0 
nrvVhour. 

In conclusion, the cyclonic separator according 
to the invention can be operated at higher liquid 
volumetric flow rates with an entrainment of 5% 
and at higher gas volumetric flow rates than the 
cyclonic separator not provided with an annular 
deflector and wherein the upper end of the outer 
tube of the cyclonic separator was not provided 
with a gas outlet. 



Claims 

1. Gas/liquid contacting apparatus comprising a 
housing provided with a gas inlet, a liquid outlet, a 

5 liquid inlet and a gas outlet arranged above the gas 
inlet, and a horizontal tray arranged between the 
gas inlet and the liquid inlet and provided with a 
cyclonic separator extending from below the hori- 
zontal tray to above the horizontal tray, which 

w cyclonic separator comprises a vertical swirl tube 
internally provided with swirl imparting means, a 
coaxial gas outlet tube arranged near the upper 
part of the vertical swirl tube, an outer tube ar- 
ranged around the swirl tube so as to define an 

75 annular space between the swirl tube and the outer 
tube opening below the tray, a passage commu- 
nicating between the interior of the swirl tube 
above the swirl imparting means and the annular 
space, and at least one conduit extending from the 

20 exterior of the cyclonic separator above the tray to 
the interior of the swirl tube below the swirl impart- 
ing means, wherein the coaxial gas outlet tube is 
provided externally with an annular deflector, and 
wherein the outer tube is provided at its upper end 

25 with an annular cover of which the inner edge is 
located around the gas outlet tube below the an- 
nular deflector and with a gas outlet debouching 
below the annular deflector. 

2. Gas/liquid contacting apparatus as claimed 
30 in claim 1, wherein the gas outlet is defined be- 
tween the inner edge of the annular cover pertain- 
ing to the outer tube and the coaxial gas outlet 
tube. 

3. Gas/liquid contacting apparatus as claimed 
35 in claim 1 or 2, wherein the cyclonic separator 

further comprises a second outer tube arranged 
around the outer tube and provided at its upper 
end with an annular cover of which the inner edge 
is located around the gas outlet tube above the 
40 annular deflector and with a gas outlet 

4. Gas/liquid contacting apparatus as claimed 
in claim 3, wherein the gas outlet is defined be- 
tween the inner edge of the annular cover pertain- 
ing to the second outer tube and the coaxial gas 

45 outlet tube. 

5. Gas/liquid contacting apparatus as claimed 
in any one of the claims 1-4, wherein the lower end 
of the swirl tube is provided with a sealing pan. 

6. Gas/liquid contacting apparatus as claimed 
so in any one of the claims 1-5, wherein the inner 

diameter of the gas outlet tube is less than or equal 
to the inner diameter of the swirl tube. 

7. Gas/liquid contacting apparatus as claimed 
in claim 6, wherein the inner diameter of the gas 

55 outlet tube is between 0.7 and 1.0 times the inner 
diameter of the swirl tube. 
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8. Gas/liquid contacting apparatus as claimed 
in any one of the claims 1-7, wherein the inner 
diameter of the outer tube is between 1.1 and 1.6 
times the outer diameter of the swirl tube. 

9. Gas/liquid contacting apparatus as claimed 5 
in any one of the claims 3-8, wherein the inner 
diameter of the second outer tube is between 1 .05 

and 1.25 times the outer diameter of the outer 
tube. 

10. Gas/liquid contacting apparatus as claimed w 
in any one of the claims 1-9, wherein the lower end 

of the coaxial gas outlet tube is arranged between 
20 mm below the upper end of the swirl tube and 
60 mm above the upper end of the swirl tube. 

11. Gas/liquid contacting apparatus substan- rs 
tially as described in the specification with refer- 
ence to the accompanying drawings. 
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@) Gas/liquid contacting apparatus. 

@ Gas/liquid contacting apparatus (1) comprising a housing 
(2) provided with a gas inlet (3), a liquid outlet (5), a liquid inlet 
(7) and a gas outlet (9) arranged above the gas inlet (3), and ?. 
horizontal tray (11) arranged between the gas inlet (3) and the 
liquid inlet (7) and provided with a cyclonic separator (13) 
extending from below the horizontal tray (11) to above the 
horizontal tray (11), which cyclonic separator (13) comprises a 
vertical swirl tube (17) internally provided with swirl imparting 
means (19), a coaxial gas outlet tube (21) arranged above the 
vertical swirl tube (17) and provided externally with an annular 
deflector (32), an outer tube (23) arranged around the swirl tube 
(17) and provided at its upper end with an inwardly directed 
annular deflector (35) and with a gas outlet (33), and at least one 
conduit (31) extending from the exterior of the cyclonic 
separator (13) above the tray (1 1) to the interior of the swirl tube 
(17) below the swirl imparting means (19). 
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